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In this paper we examine the long-run relationship between gold and oil spot and 
futures markets. We draw on the conceptual framework that when oil price rises, it 
creates inflationary pressures, which instigate investments in gold as a hedge against 
inflation. We test for the long-run relationship between gold and oil futures prices at 
different maturity and unravel evidence of cointegration.  This implies that: (a) 
investors use the gold market as a hedge against inflation, and (b) the oil market can 
be used to predict the gold market prices and vice versa, thus these two markets are 
jointly inefficient, at least for the sample period considered in this study. 
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1.  INTRODUCTION 
The literature on the gold market, including gold futures, has covered a number of 
different research areas. Ball et al. (1985) examine the price clustering behavior on 
the gold futures market and find existence of price clustering. Bertus and Stanhouse 
(2001) search for price bubbles in gold futures prices using dynamic factor analysis, 
and  find evidence of rational speculative bubbles.  Cai  et al. (2001) consider the 
determinants of intraday return volatility in gold futures contracts and find that of the 
23 US macroeconomic announcements, employment reports, GDP, CPI, and personal 
income have large impacts on gold returns volatility. Ciner (2001) examines the long-
run relationship between gold and silver prices  and does not find a long-run 
relationship. His finding is inconsistent with earlier studies by Adrangi et al. (2002), 
Wahab et al. (1994), and Escribano and Granger (1998), who all find cointegration 
between gold and silver futures prices. Bailey (1988) examines the impact of money 
surprise announced on the gold market volatility and find that gold volatility increases 
with unexpected high money (M1) growth.  In related work, Christie-David  et al. 
(2000) analyse the impact of macroeconomic news releases on gold and silver prices 
and find that gold responds strongly to the release of the CPI, and volatility spillover 




Finally, information efficiency or simply the efficient market hypothesis relating to 
the gold spot and or futures market has also been tested in this literature. While Neal 
(1989) finds evidence of market efficiency in the gold futures market, other studies 
like Tschoegl (1980) for gold spot prices and Beckers (1984) for gold options market 
find evidence of market efficiency. 
                                                 
1 There is one related strand of literature, which examines long memory property in the gold market 
(Cheung and Lai, 1993) and arbitrage in gold spot and futures options (Ogden et al., 1990). 4 
 
The gold market has seen a steady increase in prices over the last decade. Over the 
period 2002-2008, for instance, the annual average growth rate in gold price has been 
around 18.5 per cent. During the same time period, the price of crude oil has also 
risen sharply, at an annual average rate of 53.9 per cent. This begs the question: does 
the oil market leads the gold market? If it does, then it implies that oil prices can be 
used to predict prices in the gold market. This will imply that there is joint market 
inefficiency. The link between the gold and oil markets is established in some detail 
in Section 2. 
 
In this study we add to this broad group of literature on the gold spot and futures 
market.  The aim of this study is to investigate the possible long-run relationship 
between the gold and oil spot and futures markets. To achieve the goal of this paper, 
we  conduct  cointegration tests  to search for any possible long-run relationship 
between gold and oil markets. The main contribution of this study is that we examine 
the long-run relationship between gold and oil futures prices at different levels of 
maturity. We believe that considering the different levels of maturity of the futures 
contract is essential in demonstrating the threshold level of maturity at which hedging 
behavior in the two markets exists. This is potentially  a significant piece of 
knowledge for investors, for knowing the exact maturity of contracts at which two 
markets cointegrate will allow speculators to use this information to predict returns 
and, equally importantly, hedgers can use this information to substitute the two 
markets against similar types of risk. If the gold and oil markets are cointegrated then 
this can be considered as evidence of joint market inefficiency. 
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We organize the balance of this paper as follows. In section 2, we outline the 
conceptual framework that motivates the relationship between gold and oil markets. 
In section 3, we present our estimation approach and empirical findings. In the final 
section, we provide some concluding remarks. 
 
2.  THE LINK BETWEEN GOLD AND OIL MARKETS 
2.1.  Theoretical motivation 
The link between gold and oil markets can best be explained through the inflation 
channel. The relationship functions as follows. When oil prices rise, the general price 
level rises. There are now several studies (see, inter alia, Hunt, 2006; Hooker, 2002) 
that have established this link empirically. It follows that when the general price level 
(or inflation) rises, the price of gold goes up since gold is also a good. This opens up 
the possibility that gold could be used to hedge against inflation (see Jaffe, 1989); for 
an excellent discussion of gold as a hedge against the dollar, see Capie et al. (2005).  
 
Melvin and Sultan (1990) contend a different channel of establishing the relationship 
between gold and oil markets. Their main thesis is the impact on gold prices through 
the export revenue channel. Essentially, given that gold is an integral part of the 
international reserve portfolio of several countries,  including the oil producing 
countries, they argue that if some shock leads to expectations of official gold 
purchases, the expected future price of gold will rise. When oil price rises, oil 
exporters revenues from oil rise, and Melvin and Sultan (1990) argue that this may 
have implications for the price of gold, provided that gold consists of a significant 
share of the asset portfolio of oil exporters (relative to other nations) and oil exporters 6 
 
purchase gold in proportion to their wealth. This will lead to a rise in demand for gold 
and a rise in price of gold. Hence, an oil price rise leads to a rise in gold prices. 
 
2.2.  Preliminary Empirical Motivation 
In light of our theoretical discussion in the previous section, the goal of this section is 
to provide a cursory empirical support for this theoretical discussion before 
undertaking the empirical test for a long-run relationship between gold and oil futures 
markets.  Based on the theoretical motivation alluded to above, we have three 
hypotheses: 
 
Hypothesis 1: that a rise in oil price generates inflation. 
Hypothesis 2: that inflation leads to a rise in the gold price. 
Hypothesis 3: that, if hypothesis 2 is correct, a rise in oil price leads to a rise in the 
gold price. 
 
Our approach is to demonstrate the validity of these hypotheses, which will confirm 
the plausible link between gold and oil markets. To achieve this objective, we use 
annual time series data for the period 1963-2008 for the United States. We only use 
spot prices for oil and gold. The oil price is the world average petroleum price, while 
the gold price is measured as US$/troy ounce. The inflation rate is computed as the 
growth rate of the consumer price index (CPI). The three data series, namely gold 
price, average oil price, and CPI, are obtained from the International Financial 
Statistics, published by the International Monetary Fund.  
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We begin with a plot of the growth rate of the data series in Figure 1. The main 
observation is that the growth rates of oil and gold spot prices move together very 
closely, while inflation is steady without the type of deviations noticeable in the 
growth rates of oil and gold. Hence, the relationship between inflation and oil price 
and inflation and gold is not obvious graphically. We ascertain this empirically next, 
through using a ordinary least squares approach. Relating to the three hypotheses 
discussed earlier, we have three regression models corresponding to each of the 
hypotheses. These are as follows: 
Hypothesis 1:  t t t goil ε α α π + + = 1 0  
Hypothesis 2:  t t t ggold µ π β β + + = 1 0  
Hypothesis 3:  t t t goil ggold ω θ θ + + = 1 0  
 
Here, π ,  goil , and ggold  are the growth rates of CPI (inflation), average oil prices, 
and gold prices. The residuals of these models are denoted by ε ,  µ , and ω , 
respectively. A standard Dickey-Fuller (1981) test for the unit root null hypothesis 
renders each of the growth rates to be stationary, in a model that includes a constant 
term and no time trend and where the optimal lag lengths to account for serial 
correlation in the unit root regression model are chosen based on  the Schwartz 
information criterion. The results of the unit root tests are not reported here but are 
available from the authors upon request. The results from the OLS estimator relating 
to each of the three hypotheses are reported below.  
t t t goil ε π + + =
) 358 . 3 ( ) 759 . 10 (
041 . 0 039 . 0
              (1)
 
t t t ggold µ π + + − =
− ) 870 . 2 ( ) 162 . 1 (
119 . 3 064 . 0
            (2)
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t t t goil ggold ω + + =
) 842 . 3 ( ) 430 . 1 (
356 . 0 039 . 0
            (3)
 
We find short-run empirical support for the theoretical discussions on the relationship 
between gold and oil prices; in other words, we find support for all the three 
hypotheses. Summary: we find that (a) an increase in oil prices leads to inflation, (b) 
an increase in inflation leads to a rise in the gold price, and (c) an increase in oil price 
leads to a rise in the gold price.  
 
Some of the literature that has examined the relationship between gold price and other 
macroeconomic variables, such as inflation, has also found a statistically significant 
and positive relationship between inflation and gold prices. One such study is Jaffe 
(1989), who estimates the relationship between inflation and gold returns using 
monthly data for the period September 1971 to June 1987. Based on the OLS 
estimator, he finds that on average a 1 per cent increase in the price level leads to 
around a 2.95 per cent change in the price of gold. Our finding is very similar – we 
find the impact to be around 3.1 per cent—despite the fact that we use a completely 
different sample size. Our sample size at 1963-2008 is also the most up-to-date and 
takes into account the recent period of significant growth in gold prices. 
 INSERT FIGURE 1 
 
3.  LONG-RUN RELATIONSHIP BETWEEN GOLD AND OIL 
MARKETS 
In this section, we discuss the cointegration test that we use to examine evidence of a 
long-run relationship between gold and oil spot prices and between gold and oil 
futures prices at eight different periods of maturity. We notice from the plots of the 
data—see next section—that they are likely to suffer from structural breaks. Given 9 
 
this, the widely used Johansen (1988) test for cointegration, because it does not 
account for structural breaks, maybe inappropriate. Despite this, however, we do the 
Johansen test just for the sake of comparison and find that there is lack of evidence for 
cointegration. Based on the trace test and the maximum eigenvalue test, evidence of 
cointegration at the 10 per cent level or better is found only for four of the eight cases, 
namely at the 3-month, 6-month, 9-month, and 10-month maturities. We also perform 
the Engle and Granger (1987) test for residual-based cointegration, which also does 
not account for structural breaks, and find no  evidence of cointegration. The full 
results, given that they are not central to the paper, are not reported here to conserve 
space but are available from the authors upon request.  
 
In light of this knowledge, we use a structural break cointegration test proposed by 
Gregory and Hansen (GH,  1996). The GH test is essentially an extension of the 
traditional Engle and Granger (1987) residual-based test for cointegration, with the 
difference being that the GH test allows for a regime shift, which is an important 
consideration in the gold and oil markets on the basis of a preliminary inspection of 
the data series. 
 
Gregory and Hansen (1996) propose three models of structural change, namely a level 
shift model (model C), a model contain a level shift and a trend (model C/T), and a 
model that allows for a regime shift (model C/S). These models have the following 
representation. The level shift model has the following form: 
t t t t oil D gold µ β α α τ + + + = 2 1          . n ,..., t 1 =     (4) 
The level shift and trend mode has the following form: 
t t t t oil t D gold µ β β α α τ τ + + + + = 2 1 0 2 1        . n ,..., t 1 =     (5) 10 
 
Finally, the regime shift model has the following form: 
t t t t t t D oil oil t D gold µ β β β α α τ τ τ τ + + + + + = 2 2 2 1 0 2 1    . n ,..., t 1 =       (6) 
Gregory and Hansen (1996) propose a suite of tests – the ADF statistic and extensions 
of the  α Z  and  t Z  test statistics proposed by Phillips (1987). We choose a trimming 
region of 15 per cent. The null hypothesis is that there is no cointegration. 
 
4.  DATA AND EMPIRICAL FINDINGS 
4.1.  Data 
In this section, we discuss our dataset. The daily data on gold and oil spot and futures 
prices are obtained from Bloomberg. The spot price data is for the period 2/01/1995 to 
03/06/2009, culminating into 3678 observations. Data for futures prices for months 1-
3 are for the period 2/01/1995 to 12/11/2008 (3617 observations); for months 4 and 5, 
it is for the period 2/01/1995 to 11/17/2008 (amounting to 3599 observations); and for 
months 6, 9, and 10, it is for the period 2/01/1995 to 12/09/2009. 
 
We begin with a brief discussion of selected key features of the data series. In Table 
1, we report  the mean, standard deviation, Kurtosis, Skewness, J-B test, and 
correlation between the gold-oil spot and futures price pairs. The mean price of gold 
suggests that is it lowest for the spot price but gradually increases for futures prices, 
with the longest maturity of 10-months contract having the highest average price of 
around $462. Secondly, we notice that the volatility of gold prices is higher for the 
futures market compared with the spot market price, with volatility rising with 
increasing maturity. Third, the statistics relating to skewness, Kurtosis, and J-B all 
reveal that gold spot and futures prices are non-normal. Fourth, in the last column of 
Table 1, we report the correlation coefficients for gold-oil pairs relating to spot and 11 
 
futures markets. Generally, we find that the correlations are positive and statistically 
significant at the 1 per cent level. In almost all the cases, the coefficients are either 
close to 0.85 or above, with gold and oil spot prices having the highest correlation 
coefficient.  
 
The story with the oil price is slightly different in that the mean price increases from 
$38.9 (for the spot market) to $39.3 for the 4-month contract and after this it starts to 
decline, and the lowest average price is recorded for the longest maturity of contract 
at 10 months. On the other hand, the volatility seems to have gradually risen with the 
maturity of the contract: it is lowest for the oil spot price and highest for the 10 month 
oil futures contract. Like in the case of the gold market, there is clear evidence of non-
normal distribution of oil spot and futures prices. 
INSERT TABLE 1 
 
In Table 2, we report the Phillip and Perron (1988) unit root test for both the gold and 
futures markets. The tests are conducted for the levels of the series as well as for the 
first differenced series. Our main finding is that the unit root null hypothesis is not 
rejected when we subject the test to the levels of the variables. In other words, spot 
and futures oil and gold prices are integrated of order one. We notice that when we 
consider the first differenced oil and futures prices, the unit root null is rejected. This 
confirms that the returns series for both gold and oil prices are stationary. 
 




Now that we have established that all pair-wise variables representing the spot and 
futures markets at various maturities (1-month, 2-month, 3-month, 4-month, 5-month, 12 
 
6-month, 9-month, and 10-month) are integrated of order one in level form (that is not 
in their growth form), which paves the way for establishing whether there is any long-
run (or cointegration) relationship between spot prices of gold and oil and futures 
prices of these two markets at various stages of maturity. These results, obtained from 
the Gregory and Hansen (1996) residual-based test for cointegration, are reported in 
Tables 3-5. 
INSERT TABLE 3-5 
The null hypothesis of no cointegration is rejected very strongly for all pairs of spot 
and futures gold and oil prices, implying that these two markets are cointegrated both 
at the spot price level as well as the futures price level up to the maturity of 10 months 
contract. 
 
5. CONCLUDING REMARKS 
In this paper, we contributed to futures market research by examining the long-run 
relationship between oil and gold spot and futures prices at various levels of maturity. 
The theoretical motivation for this relationship is rooted in investors using the gold 
market to hedge against inflation, which results from a shock in oil prices that leads to 
a rise in oil prices. Essentially, as we explained, a rise in the oil price leads to a rise in 
the general price level (inflation), which translates into higher gold prices.  
 
Using cointegration test, we found that gold and oil spot and futures markets up to the 
maturity of 10 months were cointegrated. This finding implies that investors do use 
the gold market as a hedge against inflation. It also implies that the oil market can be 
used to predict the gold market prices and vice versa, thus rendering these markets 
jointly inefficient. 13 
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Table 1: Summary statistics 
Panel A: 
Gold 
Mean  Standard 
Dev. 
Kurtosis  Skewness  J-B  Correlation 






































           
Spot  38.929  26.029  5.296  1.588  2255 
(0.000) 
- 
1-month  39.14  25.883  5.282  1.569  2253 
(0.000) 
- 
2-month  39.264  26.047  5.111  1.526  2071 
(0.000) 
- 
3-month  39.246  26.209  5.001  1.504  1961 
(0.000) 
- 
4-month  39.350  26.369  4.881  1.4771  1834 
(0.000) 
- 
5-month  39.236  26.481  4.819  1.467  1781 
(0.000) 
- 
6-month  38.997  26.537  4.804  1.472  1790 
(0.000) 
- 
9-month  38.717  26.729  4.671  1.452  1686 
(0.000) 
- 





Table 2: Unit root test 
Panel A: Gold  PP test for levels  PP test for first difference 
Spot  -1.212 [10]  -63.485 [9] 
1-month  -1.350 [18]  -57.485 [20] 
2-month  -1.156 [16]  -57.276 [19] 
3-month  -1.068 [15]  -57.367 [18] 
4-month  -1.397 [16]  -57.419 [19] 
5-month  -1.438 [16]  -57.422 [19] 
6-month  -1.244 [16]  -57.406 [18] 
9-month  -1.321 [17]  -57.370 [19] 
10-month  -1.339 [16]  -57.320 [19] 
Panel B: Oil     
Spot  -0.751 [10]  -61.419 [10] 
1-month  -2.078 [9]  -63.959 [10] 
2-month  -2.1807 [4]  -63.122 [6] 
3-month  -2.134 [5]  -63.235 [6] 
4-month  -2.133 [3]  -63.014 [4] 
5-month  -2.099 [2]  -63.179 [1] 
6-month  -2.042 [1]  -63.654 [0] 
9-month  -2.005 [5]  -63.683 [5] 
10-month  -1.993 [6]  -63.761 [6] 
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Table 3: Gregory and Hansen test for cointegration (full sample period) – model 2C 
  ADF  Tb  Zt
*  Tb  Zα
*  Tb 
Spot  -5.697*** 
[5] 
0.801  -20.221***  0.764  -688.77***  0.764 
1-month  -6.022*** 
[5] 
0.832  -8.193***  0.60  -128.58***  0.83 
2-month  -4.655** 
[8] 
0.69  -11.00***  0.69  -219.11***  0.69 
3-month  -4.707** 
[7] 
0.69  -10.622***  0.69  -204.33***  0.69 
4-month  -5.851*** 
[4] 
0.75  -9.277***  0.75  -169.63***  0.75 
5-month  -4.259 [4]  0.69  -10.959***  0.69  -227.26***  0.69 
6-month  -5.613*** 
[2] 
0.48  -7.008***  0.62  -96.118***  0.62 
9-month  -4.355* 
[7] 
0.69  -10.647***  0.69  -206.82***  0.69 
10-month  -2.765 [6]  0.69  -4.029  0.69  -42.802**  0.69 
The Critical value for the ADF and Z*t tests is  -5.13, -4.61, and -4.34 at the 1%, 5%, 
and 10% levels, respectively, while the corresponding CV for the Za test is -50.07, -
40.48, and -36.19. 
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Table 4: Gregory and Hansen test for cointegration (full sample period) – model 3C/T 
  ADF  Tb  Zt
*  Tb  Zα
*  Tb 
Spot   -5.365*** 
[6] 
0.801  -20.930***  0.764  -734.35***  0.764 
1-month  -5.292** 
[7] 
0.54  -9.736***  0.20  -187.96***  0.20 
2-month  -4.598 [8]  0.69  -11.255***  0.20  -242.41***  0.20 
3-month  -4.967* 
[7] 
0.69  -10.691***  0.69  -205.94***  0.69 
4-month  -5.145** 
[4] 
0.75  -9.568***  0.75  -180.92***  0.75 
5-month  -4.024 [4]  0.69  -13.286***  0.20  -334.04***  0.20 
6-month  -5.206*** 
[3] 
0.57  -7.682***  0.20  -123.84***  0.20 
9-month  -3.627 [7]  0.69  -11.302***  0.69  -239.20***  0.20 
10-month  -2.765 [6]  0.69  -4.029  0.69  -42.802*  0.69 
Notes: The Critical value for the ADF and Z*t tests is  -5.45, -4.99, and -4.72 at the 
1%, 5%, and 10% levels, respectively, while the corresponding CV for the Za test is -




Table 5: Gregory and Hansen test for cointegration (full sample period) – model 4C/S 
  ADF  Tb  Zt
*  Tb  Zα
*  Tb 
Spot  -5.787*** 
[4] 
0.451  -20.266***  0.764  -691.54***  0.764 
1-month  -7.269*** 
[6] 
0.76  -11.249***  0.76  -248.99***  0.76 
2-month  -5.515** 
[8] 
0.69  -11.352***  0.69  -229.83***  0.69 
3-month  -4.389 [7]  0.69  -11.537***  0.20  -258.92***  0.20 
4-month  -6.832*** 
[7] 
0.75  -11.076***  0.75  -224.02***  0.75 
5-month  -4.364 [4]  0.69  -10.988***  0.69  -228.56***  0.69 
6-month  -6.823*** 
[2] 
0.76  -9.9186***  0.69  -192.64***  0.69 
9-month  -4.637 [7]  0.69  -10.730***  0.69  -208.61***  0.69 
10-month  -6.108*** 
[8] 
0.76  -9.416***  0.76  -194.34***  0.76 
Notes: The Critical value for the ADF and Z*t tests is  -5.47, -4.95, and -4.68 at the 
1%, 5%, and 10% levels, respectively, while the corresponding CV for the Za test is -
57.17, -47.04, and -41.85. 
 
 